INTRODUCTION
The protolytic properties, as applied to inorganic acids, have been compared generally for a series of hydrides of elements and for oxygen-containign acids with varying number of oxygen atoms. 1 It would be of interest to substantiate the regularities of the changes in the proton-donor properties of other types of protolytes.
For hydrogen oxonitridocarbonate (IV) and hydrogen sulphidonitridocarbonate (IV), tautomerism is possible: 2 
H-X-C º N D H-N-C-X,
where X = O, S. It has been claimed that the former compound exists completely in the isoform HNCO. 2 Upon action of 254 nm wavelength UV radiation in an argon matrix, HNCO is isomerized into HOCN; however, the above process is reversible. 4 The solution of its sulphur-containing analog in CCl 4 contains HNCS; in vapour at least 95 % of isotautomer exists. 2 In aqueous solutions, the above compounds manifest themselves as protonic acids: cyanic HOCN, isocyanic HNCO, thiocyanic (hydrorhodanic) HSCN, isothiocyanic HNCS. 3 The proton-donor properties of the acids HOCN and HSCN are more strongly expressed than those of HNCO and HNCS, respectively. For this reason the aforementioned protolytes in aqueous solutions exist, as in the gaseous phase, mainly in the form of HNCO and HNCS. 5 Thereby HNCS is a stronger acid (at 20 ºC, thermodynamic dissociation constant K is equal to 1.1´10 -1 ) 3, 6 than HNCO (K = 2.0´10 -4 ). 3, 6 The aim of the present work was a quantum chemical ab initio study of the tautomerism and proton-donor properties of the compounds HXCN and HNCX, where X = O, S.
COMPUTATIONAL METHODS
The computations were performed by means of the restricted Hartree -Fock (RHF) method 7 with the basis sets 6-31G(d) and 6-31G(d,p) (the RHF/6-31G(d), RHF/6-31G(d,p) approaches, respectively) using the software from the HyperChem package [HyperChem (TM), Hypercube, Inc., 1115 NW 4 th Street, Gainesville, Florida 32601, U. S. A.] with complete geometry optimization (Polak -Ribiere conjugate gradient algorithm 8 ). In the quantum chemical computations, the condition of the gradient norm not exceeding 0.084 kJ/(mol C) was used.
Using the HyperChem package, the van der Waals surface 9-12 and volume 13 of the molecules were computed on the basis of data on atomic radii, as well as refractivity, 13,14 polarisability 15 and lg P 13, 14, 16, 17 values by atomic-additive schemes.
RESULTS AND DISCUSSION
The electronic structure of the molecules HOCN, HSCN, HNCO, HNCS and anions formed up on their dissociation
The geometric parameters of the molecular systems were found to correspond, in general, to the experimental data (Table I) . Computations using both basis sets reproduce the information 18 on the symmetry point groups for all the aforementioned molecules (C s ) and anions (C ¥v Table II shows the atomic charges of the molecular systems under study, obtained by Mulliken's population analysis.
The basis set of atomic orbitals 6-31G(d,p) differs from the basis 6-31G(d) only by the addition of polarization Gaussian shaped p-functions to the 1s-orbital of the hydrogen atom. For this reason, the results of the quantum chemical computations of the electronic structure of the anions [OCN] -, [SCN] -were identical for the two basi sets. Moreover, on going from the basis 6-31G(d) to the basis 6-31G(d,p), the only charges which changed substantially were the charges on the hydrogen atom and the atom bound to the latter. Obviously, the introduction of additional p-functions polarizes considerably only the orbitals of the ground state for the atom binding a proton.
For evaluating the above tautomeric equilibrium state, the differences between the total energies of the tautomers: DE = E (HXCN) -E (HNCX) were in-cluded in Table III . 
The DE values were computed using the RHF/6-31G(d) and RHF/6-31G(d,p) methods followed by computations (Single Point), for the optimized geometry, taking into account the correlation corrections to the total energy at the level of the MP2 theory (MP2/6-31G(d)//RHF/6-31G(d) and MP2/6-31G(d,p)//RHF/6-31G(d,p) approaches).
All the computations indicate unambiguously that the tautomers HNCX predominate in the gaseous phase, which is in agreement with the experimental data both for the gaseous phase 2 and solutions in CCl 4 2 and water. 5 Thereby, the tautomeric equilibrium of hydrogen oxonitridocarbonate (IV) is displaced toward the HNCX form to a greater extent than in the case of hydrogen sulphidonitridocarbonate (IV). This is also consistent with literature data. 2 As applied to hydrogen oxonitridocarbonate (IV) in the gaseous phase, the obtained results also agree with the available 4 data of MP2/6-31G(d,p) computations, according to which the HOCN formation energy is 88.7 kJ/mol with respect to HNCO.
In order to judge the relative strength of the acids, it seemed reasonable to compare the charges on hydrogen atoms involved in the protolytic equilibria. Comparison between charges on hydrogen atoms is valid over a series of molecules with a similar-type centre to which the proton is attached. The greater positive charge on the H-atom of the HNCS molecule as compared to HNCO serves as a prerequisite for the more pronounced proton-donor properties of HNCS.
Valid conclusions of the comparative acidity of the compounds under study require the use of energetic criterion. The protolytes were compared by the difference in the total energy of the anions and molecules D = E (X -) -E (HX) (Table  IV) , which is analogous to the proton affinity value PA = DH f (X -) + DH f (H + ) -DH f (HX) [20] [21] [22] [23] expressed via the heats of formation DH f of the substances which are used to estimate the acid-base properties of compounds by means of semi-empirical methods. Let it be noted that E (H + ) = 0 by definition.
As can be seen from Tables III and IV , when taking into account the difference in the zero point energies in energy estimations, the conclusions on the relative stability of the tautomers and the proton-donor ability of the compounds remain valid. Basis set superposition error (BSSE), 7, 24 as well as thermal corrections to the DE and D quantities were neglected, since they are themselves small. 7,23,24 Also they should compensate one another, to a considerable extent, when estimating the differences, and are not sufficient to affect the conclusions of the present work.
The greater is the D value over the series HOCH -HSCN, HNCO -HNCS, HOCN -HNCO, HSCN -HNCS, the weaker protolyte is the corresponding compound. Quantum chemical computations involving both basis sets, with and without allowance for correlation, result in a pattern conforming to the experimental data If a factor determining the acidity of the substances under study in aqueous solutions is a universal (electrostatic) effect of the medium, the extent of charge localization in the anions should play a decisive role, since the hydration energy is higher for charged species compared to the electroneutral ones of similar structure. Charge separation in the [OCN] -anion is less smoothed out than in [SCN] - (Table II) . Consequently, (and because of its smaller size compared to [SCN] -), the [OCN] -anion is stabilized to a greater extent due to hydration than the [SCN] -anion. Hence, the expected order of the strength of the protolytes would be (HSCN < HOCN, HNCS < HNCO, HOCN < HNCO, HSCN < HNCS), which is opposite to the observed order.
It is known 1,5 that a protonic acid is stronger, the greater is the radius of the proton-bound atom, or the greater is the size of the anion of the acid as a whole. In an attempt to discuss in detail the effect of the size of molecular systems and the medium on the protolytic properties of the compounds under study, the van der Waals surface [9] [10] [11] [12] and volume 11 of the molecules, refractivity, 13,14 polarisability 15 and 1g P 13,14,16,1 7 (P is a distribution coefficient in the system 1-octanol -water, which serves as a commonly accepted measure of hydrophobicity) were compounded (Table V) .
The size (van der Waals surface and volume) of the molecules HXCN and HNCX (X = O, S) were found to change over the series HSCN > HNCS > HOCN > HNCO. The refractivity and polarisability decrease in the sequence HNCS > HSCN > HOCN » HNCO. The latter approximate equality may be due to the general failure of additive schemes to distinguish between isomers. The arrangement of the acid molecules by size is not inconsistent with the local series of decreasing acidity: [1] [2] [3] [4] [5] The sequences of change in refractivity and polarisability (quantities approximately symbate with the size of a molecule) reflect merely obvious narrow series of acid strength variation: 1-5 HSCN > HOCN, HNCS > HNCO.
As the 1g P values show, the overall order of decreasing acid strength 1-5 HSCN > HOCN > HNCS > HNCO, which was substantiated at the MP2/6-31G(d)//RHF/6-31G(d) and MP2/6-31G(d,p)//RHF/6-31G(d,p) theory levels, coincides with the order of decreasing hydrophobicity of the compounds. Such a results is incapable of reflecting the effect of an aqueous medium on the protolytic properties of the compounds under consideration, since hydrophobicity does not favour proton transfer from an acid molecule to a water molecule.
An approximate estimation of the hydrophobicity of the [OCN] -and [SCN] -anions, with no allowance for charge, showed that the 1g P value is -0.13 for [OCN] -and 0.51 in the case of [SCN] -. Thus, the aforementioned greater extent of hydration-assisted stabilization of the oxygen-containing anion compared to the sulfur-containing analog is confirmed. This fact, however, is not decisive for the sequence of changing acidic properties for different forms of hydrogen oxonitridocarbonate (IV) and hydrogen sulphidonitridocarbonate (IV).
Consequently, the experimentally 1-5 found series of protolytic properties of the acids under consideration are determined, first and foremost, by the electronic structure, energy and size of their molecules, but not by the effects of the medium. 
